Background: Despite an extensive literature, the impact of both adjunctive steroid therapy and delayed diagnosis on the outcome of childhood pneumococcal meningitis is controversial. Aim: To determine the independent contribution of corticosteroid therapy and delayed diagnosis on the outcome of childhood pneumococcal meningitis in a representative population with good access to medical services. Methods: Data were obtained from laboratories and hospital records to assemble a population register in Sydney, Australia, 1994-99. Follow up questionnaires were completed by attending physicians. Results: A total of 122 cases of pneumococcal meningitis aged 0-14 years were identified. Almost 50% of 120 children with available records either died (n = 15) or had permanent neurological impairment (n = 39). Early use (before or with parenteral antibiotics) of corticosteroids protected against death or severe morbidity (adjusted OR 0.21, 95% CI 0.05 to 0.77). Delayed diagnosis was associated with increased morbidity in survivors (OR 3.4, 95% CI 1.03 to 11.4) but not with increased mortality. Conclusion: In a population with good access to health care and after adjusting for other known prognostic variables, early recognition of pneumococcal meningitis and treatment with adjunctive dexamethasone significantly improves outcomes. These data add to those from randomised controlled trials. Implementation requires development of protocols and guidelines for use in emergency departments.
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I
n Australia and the USA, where vaccination against Haemophilus influenzae type b (Hib) is widespread, Streptococcus pneumoniae is the most common cause of bacterial meningitis of children. 1 2 Pneumococcal meningitis causes greater morbidity and mortality than most other types of bacterial meningitis, with case fatality rates as high as 20%, compared to 3-13% for meningococcal meningitis. 1 3 4 The importance of both diagnostic delay and adjuvant corticosteroid therapy in the prognosis of childhood pneumococcal meningitis has been controversial. 5 Delayed diagnosis is difficult to define, especially outside the hospital setting. Studies have not shown a consistent association between delayed diagnosis and outcome of bacterial meningitis. 3 6 Similarly, there are substantial practical obstacles to delivering corticosteroid therapy in the emergency management of possible bacterial meningitis, especially if it must be given before parenteral antibiotics are commenced. 7 We have previously shown that prognosis is worse where lumbar puncture (LP) is thought contraindicated. 8 The present study extends these observations by evaluating two additional factors, delayed diagnosis and adjuvant corticosteroid therapy, for their independent impact on the outcome of pneumococcal meningitis in a representative childhood population.
METHODS

Case definition
Pneumococcal meningitis was defined as isolation of Streptococcus pneumoniae from cerebrospinal fluid (CSF) or from blood from a patient with a CSF white cell count .10 cells/mm 3 . If a lumbar puncture was not performed, meningitis was defined as isolation of Streptococcus pneumoniae from blood culture with one or more of the following:
N Clinical symptoms and signs of meningitis (headache, drowsiness, neck stiffness, photophobia) N Meningeal contrast enhancement on CT scan N Postmortem evidence of meningitis.
Eligible cases were aged less than 15 years, had a date of isolation of Streptococcus pneumoniae from January 1994 to 31 December 1999, and resided in the greater urban regions of Sydney, Newcastle, and Wollongong, New South Wales (NSW), Australia.
Case ascertainment A population register was established with case finding through laboratories in the study area. Active laboratory surveillance was enhanced by cross-referencing with cases in the NSW Hospital Morbidity Database with an ICD-9-CM coded 9 discharge diagnosis of pneumococcal meningitis (320.1), all meningitis unspecified (320.0), or pneumococcal septicaemia (790.7). Clinical, demographic, and treatment details were obtained from review of the hospital records by a single observer (RG) using a standard protocol, 8 with particular reference to the timing of first presentation and of antibiotic and corticosteroid use. Data from this enhanced surveillance system have been described previously. 10 Risk factors for pneumococcal infection were defined according to the Australian Immunisation Handbook 11 as immunosuppression (due to disease or iatrogenic), asplenia, CSF leak, or chronic diseases (such as diabetes, chronic cardiac, renal, or pulmonary disease).
Outcomes of meningitis
Outcome data were ascertained from hospital records (including outpatient attendance) and by a survey administered to treating physicians. The survey questionnaire was sent to the child's paediatrician or family physician after discharge from hospital, in most cases more than six months later. RG also telephoned the doctors who did not return surveys or did not answer questions correctly. No direct contact with families was made by the doctors or study personnel. The purpose of the survey was to: N Confirm hospital records N Ascertain any morbidity not identified in hospital records N Confirm the functional status of the child at the most recent encounter.
Neurological abnormalities were categorised as severe or mild to moderate morbidity from the most recent available data. Severe morbidity was defined as significant functional impairment, such as hemiparesis or quadraparesis, hydrocephalus requiring a ventricular shunt, visual loss, and all cases with marked intellectual impairment. Mild to moderate morbidity was defined as any other unequivocal neurological abnormality with lesser functional impairment. These included hearing loss, seizures, well defined gross or fine motor problems such as balance or hand-eye coordination, developmental delay, and mild to moderate intellectual impairment. The variable ''any morbidity or mortality'' included mortality and all grades of morbidity as defined above.
Delayed diagnosis and hospitalisation
Delayed hospitalisation was defined as more than one medical visit during this illness, before admission to hospital or death. This implies that the diagnosis of meningitis was not made at the first medical consultation, so the variable for delayed hospitalisation is taken as a proxy for delayed diagnosis.
Corticosteroid therapy
Corticosteroid therapy included parenteral administration of dexamethasone or other corticosteroid. Early corticosteroid therapy was defined as a recorded time of administration before or with the first dose of parenteral antibiotics.
Penicillin resistance
Penicillin sensitivity of Streptococcus pneumoniae isolates was tested by 0.5 unit penicillin disc and/or 1 mg oxacillin disc. Where resistance to penicillin was suspected from these screening methods, tube dilution techniques or commercial agar dilution antibiotic gradient method (E-test, AB Biodisk, Sweden) were used to test for the minimum inhibitory concentration. 8 
Data analysis
Clinical, therapeutic, and laboratory predictors of outcome were examined in univariate and multivariate analysis. In addition to delayed diagnosis, other clinical variables included age, sex, point of first medical contact (hospital or general practitioner), type of hospital (tertiary referral or other), and presence of certain clinical signs (such as seizures, high and low temperature, or recorded neurological abnormalities). In addition to corticosteroid therapy, other therapeutic variables included a history of antibiotic use prior to hospital admission and time to commencement of parenteral antibiotics after admission. Laboratory variables included low CSF white cell count (,100 white cells per mm 3 ), low CSF glucose (,2.5 mmol/l), high CSF protein (.1 g/l), and resistance to penicillin. Epi-Info version 6 12 was used for univariate analysis, and Egret 13 for stepwise logistic regression analysis.
Ethical implications
Ethics committee clearance was obtained from the committees of all the relevant health services within the defined geographical region.
RESULTS
Demographics
A total of 122 eligible cases of pneumococcal meningitis were identified between 1994 and 1999. Two cases with no available clinical data were excluded from further analysis. The median age of cases was 13 months, with a range of
The majority of cases (74/120, 62%) were male. Cases were treated at 21 hospitals, with 50/120 (42%) admitted to hospitals having a tertiary referral role.
Presentation
The first presentation was to hospital in 48/120 (40%) and to general practice (GP) in 72/120 (60%). Of the GP group, 23/72 (32%) had two or more presentations before admission to hospital, and 6/48 (12%) whose first presentation was to hospital had more than one attendance. In 55/120 (46%) cases, hospital admission occurred more than 24 hours after the time of onset of symptoms recorded in the clinical records.
Laboratory and clinical features
A lumbar puncture (LP) was performed in 103/120 (85%), but was after initiation of parenteral antibiotics in 43/103 (42%). The CSF Gram stain showed Gram positive cocci in 90/103 (87%). Streptococcus pneumoniae was cultured from CSF (+/2 blood) in 79/103 (77%) cases, and in blood only in 41/120 (33%) cases. Where sensitivity testing results were known, 97/114 (85%) of isolates were fully sensitive. An underlying condition associated with increased risk of invasive pneumococcal disease was documented in 14/120 (12%) cases. The average highest recorded temperature within the first 12 hours was 39.0˚C (range 36.2-40.6˚C). In 87/120 (73%) cases, one or more neurological events were documented during admission, most commonly seizures in the first 48 hours (36%, 43/120). Otitis media was documented in 12.5% (15/120).
Treatment
A total of 28/120 cases (23%) were recorded as receiving treatment with oral antibiotics prior to arriving in hospital, but testing for presence of antimicrobial substances in urine or CSF was not available. The most common parenteral antibiotic administered in hospital was cefotaxime (99/120), usually in combination with penicillin. All cases were treated with at least one antibiotic to which the isolated organism was sensitive. The median time from admission to administration of parenteral antibiotics was 4 hours (range 0-50 hours), with an average duration of 11.8 days (range 1-45 days). In 20 cases, antibiotics were administered .6 hours after admission, and in 14 cases, .12 hours. Parenteral corticosteroids were used in 58/120 (48%) cases, with timing of the first corticosteroid dose known in 57. The median time from admission to administration of corticosteroids was 4 hours (mean 13 hours, range 0-123 hours); in 31/57 (54%) cases, corticosteroids were administered after parenteral antibiotics. Figure 1 shows the timing of antibiotic and corticosteroid use. Most cases (64%) treated with corticosteroids received at least four doses, consistent with at least two doses daily for two days, but 9 (16%) received only one dose. Table 1 shows the results of univariate analysis. Significant diagnostic and prognostic predictors of outcome were not having a lumbar puncture done, intensive care admission, intubation, any neurological abnormality, seizures within 48 hours, and higher temperature. The only significant therapeutic factor was administration of corticosteroids with or before antibiotics. Administration of corticosteroids after antibiotics was not associated with any benefit (table 1) . Delayed hospitalisation, antibiotic resistance (data not shown), and hours to antibiotic administration after admission were not significant predictors of outcome in univariate analysis. Table 2 shows the results of multivariate modelling for predictors of death. Documented otitis media (p = 0.008), not having a lumbar puncture done (p = 0.002), and admission to intensive care (p = 0.01) were independently associated with a significantly increased risk of death. Use of antibiotics prior to admission (p = 0.05) and early parenteral corticosteroids (p = 0.05) tended to lower the risk of death, but did not reach statistical significance. Delayed hospitalisation was not associated with death. Table 3 shows the results of multivariate modelling for predictors of the combined variable of any severe adverse outcome including death or severe morbidity. Intubation was the strongest predictor of severe adverse outcome. Early parenteral corticosteroids (administered before or with antibiotics) and first medical presentation to a hospital emergency department rather than a general practitioner, were each independently associated with significant protection against a severe adverse outcome.
Univariate analysis
When analysis was restricted to survivors only, the findings altered. First, predictors of severe hearing loss in survivors were examined in a logistic regression model (data not shown). Only the presence of any neurological abnormality during the hospital episode was significantly associated with severe hearing loss; corticosteroid use was not significantly protective (OR 0.49, 95% CI 0.15 to 1.7). In a second model examining predictors of severe disability in survivors, delayed hospitalisation, female sex, and admission to intensive care independently predicted morbidity (table 4) . Early corticosteroid use remained significantly protective after adjustment for these other variables. In contrast, the time to antibiotic use after admission (either within 4, 6, or 12 hours of admission versus later) was not significantly associated with morbidity in survivors, either in univariate analysis, or any of the models tested above. Antibiotic variables were also not associated with outcome, examined either as the nature of the antibiotic(s) used or sensitivity to penicillin.
To further elucidate patterns of steroid use, we examined factors predicting treatment with corticosteroids. In univariate analysis, gender was the only significant association with receipt of corticosteroids (OR 0.47 for males, p , 0.05). In a multivariate logistic regression model (not shown), gender remained significant, as did endotracheal intubation. Children who were intubated were significantly more likely to have received corticosteroids.
DISCUSSION
Pneumococcal meningitis resulted in mortality or permanent morbidity in 45% of children in our study. Total morbidity, particularly milder degrees of impairment, may have been greater, as we did not have complete data on follow up or performance of neuropsychological testing. 14 We found that early parenteral administration of corticosteroids (before/ with initiation of antibiotics) significantly reduced severe adverse outcomes. Randomised controlled trials (RCTs) have shown a benefit of steroids in all-cause bacterial meningitis, predominantly Hib meningitis, [15] [16] [17] strengthened by the results of meta-analysis. 7 Another RCT of dexamethasone use, restricted to pneumococcal meningitis, found that there was no significant difference between treatment and placebo in rates of death and morbidity, but at three months after discharge, there was a significantly lower rate of hearing loss in the treatment group. 18 A placebo controlled RCT in Malawi, in a setting of poor access to hospital care and sub-optimal antibiotic therapy, showed no benefit from corticosteroids. 19 However, the results of RCTs may not readily translate to clinical practice, particularly with respect to early commencement of steroids. In Canada, a trend to decreasing use of corticosteroids was noted between 1991 and 1999, perhaps reflecting conflicting evidence. 20 Unless clear protocols are in place, the commencement of steroids before or with antibiotics may be difficult to implement in emergency situations, as illustrated by our data (fig 1) . Our data show that in a representative developed country population with good access to services, after controlling for other prognostic variables, early corticosteroid therapy is associated with improved outcome. This experience is an important addition to the findings from clinical trials of dexamethasone in pneumococcal meningitis in industrialised countries, 21 as it shows that adjunctive steroid therapy is beneficial in a ''real world'' situation. In addition, the prospect of clinical trials in children, already limited by small case numbers, will be further reduced when the use of the conjugate pneumococcal vaccines is widespread. 22 Two previous studies examined the impact of dexamethasone in childhood bacterial meningitis in clinical practice, one finding no significant benefit 23 and the other a reduction in admissions to intensive care and in prolonged fevers. 24 However, neither of these studies used multivariate analysis to adjust for confounding factors. In contrast to randomised trials, 7 18 we did not find steroids gave significant protection against hearing loss in survivors, although the point estimate was in the direction of benefit. However, we only examined severe sensorineural hearing loss as an outcome, because only half the children received audiological testing. Thus, although the outcome of severe hearing loss was less likely to be affected by misclassification bias, restricted numbers limited the capacity to detect an effect.
In two studies no difference in outcome was found between cases of meningitis diagnosed early and late. 25 26 The main contribution to outcome was postulated to be the severity of disease, with slowly evolving cases more likely to be diagnosed late. 25 26 We found that delayed hospital admission did not predict the combined variable of death or severe neurological sequelae. However, when deaths were excluded, delayed hospitalisation significantly predicted morbidity in survivors. These data are limited by the lack of availability of supplementary survey data for 30 cases. However, these data add to those previously available on delayed diagnosis. It is plausible that delayed diagnosis has little impact on fulminant cases of meningitis, where death may not be averted even by early treatment. 3 6 27 However, in the remainder of cases, delay may be a determinant of outcome.
Clinical and prognostic predictors of outcome included temperature (both high and low), seizures, neurological signs, and whether or not a lumbar puncture was performed. The latter was significant, even when adjusted for severity of disease, in predicting death. This confirms the findings of the previous descriptive analysis of data from this population, 8 and is likely to be due to an association between clinician assessment of contraindications to LP and a range of factors predicting an adverse outcome.
High and low temperature predicted death, but not other adverse outcomes. Presumably, extremes of temperature correlate with very severe disease leading to death, but not with less fulminant forms of disease. Similarly, seizures, neurological abnormalities, and admission to ICU were markers of disease severity, with intubation being the strongest marker, as found in previous studies. Two factors not previously described as associated with adverse outcome were gender and a recorded diagnosis of otitis media. Interestingly, although males were overrepresented in the study population, female gender predicted adverse outcomes. This effect was seen even after adjusting for the gender discrepancy in receipt of corticosteroids. Whether otitis media is a genuine marker of more fulminant disease, such as high level bacteraemia associated with multifocal disease, or is itself associated with adverse outcomes is unclear.
Limitations of this study included some clinical data only being available from medical records due to incomplete physician follow up. Severe outcomes are likely to have been present at time of discharge from hospital and have been documented, but lesser degrees of morbidity may not have been detected in hospital or uncovered subsequently. Therefore, the lack of survey data for 30/105 survivors might result in an underestimate of mild disability. In particular, the low rate of testing for hearing could potentially bias the results towards underestimating the prevalence of less severe hearing loss. A major strength of this study was that the cases of pneumococcal meningitis described are likely to be representative of a diverse urban population, rather than patients of selected hospitals, as we used population based laboratory surveillance cross-checked with the hospital discharge coding data.
Together with other evidence, the findings of this study with respect to the benefits of early diagnosis and corticosteroid treatment have important prognostic, therapeutic and medico-legal implications in developed countries. Delayed diagnosis predicts morbidity in survivors, highlighting the 
